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I ABSTRACT 

Hazard Analyses are presented for each subsystem of the 
Shut t le  Orbiter OV-102 configuration, and include: 
subsystem descr ipt ions,  sa fe ty  fea tures  and hazard analysis 
printout tabs. This report, "Shuttle O r b i t e r  OV-102 CDR 
Safety Analysis R e p o r t , "  is prepared per -i. SA-645T in 

of t h e  fellnwing wlunes: 
support of OV-102 CDR, updated to April 29,  1977;and ConShU 
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INTRODUCTICH 

This Safety Analysis Report (SARI supports the W-102 CDR. Related SAR's h the 
Shuttle Orbiter pogram series include: 

SD74-SH-0004 Shuttle Orbiter No. 1 BE*r SAR 
SD74-SR-0168 
SD74 -SH-032 3 Shuttle Orbiter 102 PDR SAR 
SD75-SB-0064 Shuttle System PDR SAR ' 

SD75-SH-0135 Shuttle Orbiter 101 CDR SAR 
SD76-SII-0038 Shuttle Orbiter 102 Delta PDR SAR 

Shuttle Orbiter 101 Delta PDR SAR 

BAZARD ANUYSIS PROCESS 

The Hazard Analysis was performed per mckwell International-Space Division, 
Rel iabi l i ty  and Safety Desk Instruction 400-1. The hazard analysis process, 
shown i n  Figure 1, involves the evaluation of the Orbiter i n  its mission phases 
by subsystem identified by the  System Definition Manual number for  hazards in 
the  major hazard groups described in the desk instruction and coded as l i s t e d  
belov: 

iiiness;iiij-iiry/LoSS of P ~ Z S S - ~  AA 
Collision/Impac tfirosion BB 
Fire/Explosion/Implosfon oc 
Loss ofjunsafe Environment PD 
Crash LandingDi tching Ez 
Ioss of Flight Control PP 
Other (Not Defined) xx 

The sLat;;s c l ~ s s ~ f i c ~ t i m s  presented h the summary are defined i n  the  desk 
instruct ion and Usted below: 

Open (In-Work) 
open (Residual) 

- Closed (Eliminated) 
Closed (Controlled) 
Closed (Accepted) 

Ground rules used for the hazard analysis are as follows: 

1. Hazards a re  identified per the rationale stated in Desk Instruction 400-1 
and NBB 5300.4 (ID-1). 

2. Hazard analyses are conducted according to Desk Instruction 400-1 and "B 
5300.4 (lD-1). 

3. Hazard levels are as s ta ted i n  NHB 5300.4 (10-1) . 
4. A l l  C r i t i ca l i t y  1 FMEA's are  analyzed for hazards. 

5. A l l  other FMEAIs are reviewed for  identification of potential  hazards. 

6. Hazards requiring three or more fa i lures  w i l l  not be considered. 

7. Unless stated i n  the hazard analysis, equlpment i s  presumed to  be operating 
per specification. 

1 s D?7-SU-0001-0l 
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SUMMARY OF WUARDS 

.., .- 

There w e r e  276 p o t e n t i a l  hazards i d e n t i f i e d  for  t h e  S h u t t l e  Orbiter 
OV-102 subsystems addressed i n  t h i s  CDR submittal. Two hundred and 
forty-nine 
23 are in-work and 4 are considered residual.  

are closed, 27 are open and of these  open p o t e n t i a l  hazards, 

The S h u t t l e  O r b i t e r  OV-102 subsystem hazards are compiled by subsystem 
group i n  Table I. 
mission phase. 
as a p o t e n t i a l  hazard may be common t o  more than one mission phase. 

Table II l ists  t h e  potent5al  hazard exposure by 
The totals  i n  Tables I and I1 are no t  d i r e c t l y  relatable 

. 

! 

Summaries of t h e  S h u t t l e  Orbiter are discussed i n  t h e  sec t ions  that 
f o l l o w  and a l l  open p o t e n t i a l  hazards t h a t  are I N  WORK or RESIDUAL, are 
discussed. Tables I11 through XXIII breakout, i n  detail,  t h e  data 
conpiled i n  Tables 'r znd II. 

3 S D ? ? - S I i  - 0 0 0 1 - 0 1  



Y 

W 
A m 
c 

--(u m 

E 
0 u 

c 
(0 
V 

c 
(0 c 

i! 

0 Nm - 4- 

S 
0 - u, 
F a 

e“ 
n 

c 
0 - 
VI 

Q 
0 
I- o 

c a 

L 



Y 
F," 
Z W  
"I- 

r- I 

0 

P m cu 

P 



c 
0 
cn 
.p 

a 
L 
c, 
v) 

.r 
C 
0 

> a 
3 
d w 

c 
0 
c, 
(0 
c, 
v) 

.r 

T 
L 
0 

3 

.. 
w 
I- 
P 

6 



E 

I 

i 

STRUCTURES SYSTEM HAZARD SUMMARY 

This volume of t h e  S a f e t y  Analysis Report addresses t h e  OV-102 S h u t t l e  
O r b i t e r ,  Vertical F l igh t  Configuration, S t ruc tures  System. Twenty-nine 
HA*s have been i d e n t i f i e d  i n  t h e  structures area. The hazard ana lys i s  
was performed i n  p a r a l l e l  with design d e f i n i t i o n  and many of these  
hazards w e r e  i d e n t i f i e d  f r o m  information i n  repor t s  such as the 
Accident/Incident D a t a  Bank and the JSC 00134 Space F l igh t  Hazard 
Catalog t h a t  was ava i l ab le  from previous programs. I n  most cases 
t h e  i n i t i a l  design incorporated the  s a f e t y  f e a t u r e s  to  e l imina te  or 
cont ro l  these hazards, and the  Safety Analysis Report l i s t i n g  w a s  
used as a method to  check t h a t  t h e  s a f e t y  f ea tu res  w e r e  incorporated 
i n  t h e  design.Table 111 i s  a summary of the  number of hazards i n  each 
hazard category for each s t ruc tu res  group. 
t h e  hazards i d e n t i f i e d ,  by s t ruc tu res  subsystem, and their  disposi t ion.  
Table V is  a mission phase breakdown of t h e  HA'S. O f  t h e  twenty-nine 
hazards iden t i f i ed ,  twenty-two of these are closed and seven are open, 
six of which are i n  an in-work s t a t u s  and one is a res idua l  hazard. 

Table IV lists each of 

~ . ,  - - -_ 

OPEN HAZARDS 

Hazard lZXx-O101-4A, T r a s h  Induced Egress Door Jarmningll, involves 
p o t e n t i a l  s t r u c t u r a l  deformation due to a crash landing that can 
prevent opening of t h e  side hatch and overhead e j e c t i o n  panels for 
emergency egress  due to  indeterminate s t r u c t u r a l  effects. 
t h i s  hazard is  res idua l ,  a study-part of M C R  960, Rev. 2, is being 
conducted for OV103 and subs with an O V l O l  and OV102 retrofit 
effectivity. 
be taken i n  tha t  rescue personnel, f i re  f igh t ing  equipment and rescue 
equipment w i l l  be ava i l ab le  at planned landing sites. 

Although 

Prectrttions associated With t h i s  pnter?tial hazard w i l l  

In-Work - 
1XXX-0101-06, "Star Tracker Door F a i l s  t o  Close", was o r i g i n a l l y  
resolved by a design rev is ion  per MCR 1757 which provided for 
ind iv idua l  fail-safe door design. However, an addi t iona l  requirement 
for re-entry capab i l i t y  with a door f a i l e d  open w a s  mutually agreed 
upon between JSC/EW and RI/SD (Reference: safety concern no, O-llL- 
R I  i s c t o  conduct addi t iona l  t h e r m a l  - -  studies-  t o  determine_how t h i s  
objectxve - - - can %e m e t .  

- - -  

Hazard 1ZXX-0102-01, "Injury f r o m  Sharp Edges, Corners, and Protrusions", 
addresses contact  i n j u r i e s  t o  personnel during the  course of movement 
wi th in  t h e  crew module. 
missions under zero %" conditions. The HA remains in-work t o  allow 
continuing inspection of t h e  mock-up through t h e  f l i g h t  article, to 
ensure  elimination of p o t e n t i a l  hazards f r o m  these sources. 

Hazard 1VXX-0102-02, "Delta Pressure Loads on F l igh t  Deck Floor Causing 
S t r u c t u r a l  Deflections and Misalignment of Ejection Seat  R a i l s  During 
Sea t  Ejectiont1, is cur ren t ly  being inves t iga ted  as part of a rapid 
decompression e f f e c t s  study per  MCR 1964. 

This po ten t i a l  hazard i s  s i g n i f i c a n t  t o  orbital 

7 
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Hazards 1~xx-o106-1A, "Loss of ,Tile", 1YXX-0106-02, tfThermal Seal 
Failure", and 1YXX-0106-03, I'Tile Incompatibility with Orbiter 
Fluids", are remaining open due to continuance of testing and 
development in this area. 

8 -. - - SD77-SH-0001-01 
P -- - 
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YODEL I SHUTTLE ORBITER OV-102 1 
!3J2&YSSlr\i mu? . 1 

:USELAGE 
1ZXX-0101-01-1A 
I ZXX-0101-01-2A ' 

IZXX-0101-01-3A 
IYXX-0101-01-4A 
I ZXX-0101-2A 
I ZXX-0101-3A 
I ZXX-0101-4A 
I Y XX-0101-05-01 
1 ZXX-0101-05-2A 
I ZXX-0101-05-3A 
1YXX-0101-06 
1YXX-0101-7A 
1 YXX-0101-&I 
1zxx-0101-09 

CREW YODULE STRUCTURE 
1 zxx-0102-01 
1vxx-0102-02 
1 ZXX-0102- 3A 
1Y xx-0102-04 

NING STRUCTURE 
1 ZXX-0103-1 A 

VERTICAL TAIL STRUCTl 
1 ZXX-0104-1A 

PURGE, VENT AND DRAII 
1 ZXX-0105- 1B 
1 ZXX-0105-2B 
l1 YXX-0105-3A 
1YXX-0105-4A 
1YXX-0105-5A 

MERMAL PROTECTION S 
1 Y XX-0106-1A 
1 YXX-0106-02 
1YXX-0106-03 

THERMAL CONTROL SYST 
1 YXX-dl 07- 1 A  

A W R D  
GGOW 

FF 
FF 
FF 
FF 
FF 
FF 
AA 
cc 
cc 
cc 
cc 
xx 
FF 
BB 

PA 
BB 
BB 
FF 

FF 

- 
FF 

;UBSY STI 
DD 
FF 
DD 
DD 
cc 
e' 
cc 
FF 
cc 

cc - 

PROBBl DESCRII'TIQX 

'wd Fus S t ruc tu re  F a i l u r e  
l i d  Fus St ruc ture  F a i l u r e  
\ft Fus St ruc ture  F a i l u r e  
'ayload Doors F a i l  t o  Close 
'ai 1 Cone Separation, Captfve F1 i g h t  
' a i l  Cone F i t t i n g  F a i l u r e  
:rash Induced Egress Door Jamming 
:wd Fus Tanks A t t .  F i t t i n g  Fa i l .  
lid-Body P/L A t t .  F i t t i n g  F a i l .  
\ f t  Fus Tank A t t .  F i t t i . ng  F a i l  
S tar  Tracker Door F a i l s  t o  Close 
r-0 L h b i l i c a l  Doors F a i l  t o  Close 
fT/Orb Umbi l i ca l  Door F a i l  
:ww Module Collapse During E jec t i on  

Sharp Edges, Corners , Protrusions 
Floor De f lec t i on  During E j e c t i o n  
Egress Device I n s t l .  F a i l u r e  
Debris Obstruct ion o f  Controls 

. .  

S t ruc tura l  F a i l u r e  

S t ruc tu ra l  F a i l u r e  

Corrosion due t o  Inadequate Drainage 
St ruc t .  Fai 1 ure From De l ta  Pressures 
Loss o f  Thermal Window Panes 
Loss o f  Cabin Pres Thru Vent Lines 
Ac t ive  Vent Doors F a i l  t o  Close 

Loss of  T i l e  
Thermal B a r r i e r  F a i l u r e  
T i  l e  Incompati b i  1 i ty w i t h  Orbi t e r  F1 u i  ds I 
Entrapment o f  Combustlble F lu ids  

_. - 
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TABLE ,v rn 

HAZARD ANALYSIS MISSION PHASE LISTING - 
SUBSYSTEM GROUP : STRUCTURES 

* 
- .  

HAZARD NUMBER PROBLEM DESCRIPTION 

Q I 

I 

8 

I 

I 

PRELAUNCH 
1zxx-0102-01 
1 zxx-0102-3A 
1 ZXX-0105-1 B 
1YXX-0106-03 
1 Y XX-0107- 1 A 

LIFT OFF THRU ORBIT 
1 ZXX-01 01-01-1A 
1 fXX-212'1-01 -a 
lzxx-oioi-ui-% 
1Yxx-0101-05-01 
1 ZXX-010i -05-2A 
1ZXX-0101-05-3A 

.. 1 Y XX-0101-06 
1Y XX-0101-7A 
1 Y xx- 0 1 0 1 - 84 
!zxx-o!ol-o9 
1zxx-0102-01 
1 vxx-0102-02 
1 ZXX-0103- 1A 
1ZXX-0104-1A 
1ZXX-0105-1 B 
1 ZXX-0105-2B 
1YXX-0105-3A 
1 Y xx-010 5-4A 
1YXX-0106-03 
IY XX-0107-1A 

ON ORBIT 
1YXX-0101-06 
1zxx-0102-01 
1ZXX-0105- 1B 
1 Y XX-0105- 3A 
1YXX-0105-4A 
1YXX-0105-5A 

= .  

Sharp Edges , Corners Pmtrusi ons 

Corrosion from Inadequate Drainage 
Incompatibility w i t h  Orbiter f luids 
Entrapment of Combustible Fluids 

Egress Device Ins t l  Failure - .  

Fwd Fus Structure Fatlure 
Mid Fus Structure Failure 
A f t  r'L's Structure fai?ure 
Fwd Fus Tanks A t t  F tg  Failure 
Mid Body P/L A t t  Ftg Faflure 
Aft Fus Tanks A t t  F t g  Failure 
S tar  Tracker Door Fails Open 
1-0 Umbilical Door Fails Open 
ET/Orb Umbilical Door f a i lu re  
Crew Mod. Collapse During Eject 
Sharp Edges, Corners, Protrusions 
Floor Deflection During Ejection 
Structural Failure 
Structural Fai 1 u r e  
Corrosion f r o m  Inadequate Drainage 
Struct  Fail from Delta Pressures 
Loss o f  Thermal Window Panes 
Cabin Pressure Loss Thru  Vent Lines 
Incornpati bi 1 i ty w i t h  Orbiter F1 uids 
Entrapment of Combustible fluids 

- 

S t a r  Tracker Door Fails Open 
Sharp Edges Comers, Protrusfons 
Corrosion from Inadequate Drainage . 
Loss of Thermal Window Panes 
Cabin Pressure Loss Thru Vent Lines 
Active Vent Doors Fail Open 

*- - 
.. 



8 

1 
i 
! 

. a  

1 

TABLE V- . 
HAZARD ANALYSIS MISSION PHASE LISTING 

SUSSYSTEM GROUP: STRllCTURES -- 
a- -~ 

HAZARD NUMBER PROBLEM DESCRIPTION 

DE-ORBIT THRU LANDING 
1ZXX-0101-01-1A 
1 ZXX-0101-01-2A 
1 ZXX-0101-01-3A 
1 Y  XX-0101-01-4A 
1ZXX-0101-4A 
1 Yxx-0101-05-01 
1ZXX-0101-05-2A 
1 UIX-0101-05-3A 
1Y XX-0101-06 
1zxx-0101-09 
1zxx-0102-01 
1 vxx-0102-32 
1 zxx-0102- 3A 
1Y XX-0102-04 
1 ZXX-0103-1A 
1ZXX-0104-1A 
1 ZXX-0105-1B 
1ZXX-0105-2B 
1 Y XX-0105-4A 
1Y XX-0105-5A 
1 Y XX-0106-1A 
1YXX-0106-02 
1YXX-0106-03 
1 Y  XX-0107-1 A 

- 

Fwd Fus S t ruc tu re  F a i l u r e  
Mid Fus S t ruc tu re  F a i l u r e  
A f t  Fus St ruc ture  F a i l u r e  
P/L Doors F a i l  t o  Close 
Crash Induced Egress Door Jamming 
Fwd Fus Tanks A t t  F tg  F a i l u r e  
Mid Body P/L A t t  F tg  F a i l u r e  
A f t  Fus Tanks A t t  F t g  F a i l u r e  
S t a r  Tracker Door F a i l s  Open 
Crew Mod Collapse During E jec t  
Sharp Edges, Corners Protrusions 
Floor Def lec t i on  During E jec t i on  
Egress Device I n s t l  F a i l u r e  
Debris Obstruct ion of Controls 
S t ruc tu ra l  F a i l u r e  
S t ruc tu ra l  F a i l u r e  
Corrosion from Inadequate Drainage 
S t r u c t  F a i l  from De l ta  Pressure 
Cabin Pressure Loss t h r u  Vent Lines 
Ac t i ve  Vent Doors F a i l  Open 
Loss o f  T i l e  
Thermal B a r r i e r  F a i l u r e  
Incompati b i  1 i ty w i t h  Orbi t e r  F1 uids 
Entrapment o f  Combu t ib le  f l u i d s  - 

*a 

.- 
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. I  

r -  
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MECHANICAL SYSTEM HAZARD SUMMARY 

This  volume of t h e  Safe ty  Analysis Report addresses t h e  OV-102 S h u t t l e  
O r b i t e r ,  Vertical F l i g h t  Configuration, Mechanical System. Seventy-two 
HA*s have been i d e n t i f i e d  i n  t h e  mechanical area. 
performed i n  parallel with design d e f i n i t i o n  and many of these  hazards 
w e r e  i d e n t i f i e d  from information i n  reports such as t h e  Accident/Incident 
D a t a  Bank and t h e  JSC 00134 Space F l i g h t  Hazard Catalog t h a t  w a s  ava i l -  
able from previous programs. I n  m o s t  cases t h e  i n i t i a l  design incorporated 
the  s a f e t y  f e a t u r e s  t o  e l imina te  or con t ro l  these  hazards, and t h e  Safety 
Analysis Report l i s t i n g  w a s  used as a method to  check t h a t  t h e  s a f e t y  
f e a t u r e s  w e r e  incorporated i n  the  design. 
number of hazards i n  each hazard category for each mechanical group, 
T a b l e V i I l i s t s  each of t h e  hazards i d e n t i f i e d ,  by mechanical subsystem, 
and t h e i r  d i spos i t ion .  
HA'S. Of t h e  seventy-two hazards i d e n t i f i e d ,  seventy of these  are 

hazards. 

The hazard ana lys i s  w a s  

T a b l e V I i s  a summary of the 

T a b l e V I I I  i s  a mission phase breakdown of t h e  

clesz~ an5 fwe =re 9ne.i-n a i iG f n  x j.n-r;.ork ~ t ~ t l l ~ ;  There are no xesi&Gzl r -  - 

OPEN HAZARD - IN-WORK 

I c 
i 
! 
! 

Hazard 1ZXX-0201-5.9, **Personnel In ju ry  While I n s t a l l i n g  Landing G e a r  
Lockst1, involves  ground c r e w  i n j u r y  while  attempting to  i n s t a l l  t h e  
p i n s  for t h e  landing gear ,  e.g., fragmentation f r o m  rupture. Hazard w i l l  
remain open u n t i l  opera t iona l  proceji i ies Ideritify the s a f e t y  precaut ions 
requi red  t o  con t ro l  hazards assoc ia ted  with t h i s  scheduled event, 

Hazard 1YXX-0211-3C, "Star Tracker Door F a i l s  t o  Closet*. The p o t e n t i a l  
hazard t h a t  could occur during t h e  re-entry phase of t h e  mission i s  
t h e  c r e a t i o n  of  a n  unsafe environment i n  t h e  star t r acke r  (ST) 
i n s t a l l a t i o n  area. 
f a i l e d  open w a s  mutually agreed upon between JSC/EW and RI/SD (reference 
Safe ty  Concern No.  0-11). R I  is t o  conduct add i t iona l  thermal s t u d i e s  
t o  determine how t h i s  ob jec t ive  can be m e t .  

A requirement for re-entry capab i l i t y  wi th  a door 

13 
SD77-SH-OOOI-OI 
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TABLE VI1 

( 

( 
( 

b I 1 

K 

X 
X 
X 

SuBsySIoI mu? 1 MECHANICAL SYSTEMS ' 1 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
x 
1 
1 

H9z4RD NUDER 

PYROTECHNICS SUBSYSTEM 
1 ZXX-3207-2G cc 
1 ZXX-0207-2E-01 
zxx-0207- x 

I ZXX-0207-6A 
IVXX-0207-7E 

IVXX-0207-9F 
IVXX-0207-10E 
I ZXX-0207-11 E 
IVXX-0207-12D 
1Y 3X-0207-13E 
I Y  3X-0207-14D 

DAYLOAD DEPLOYMENT A 
1Y7X-208-18 
1 Y XX-0208-2C 
1 Y X X -0 208- 38 

9ERO FLIGHT COY4TROL 
1 Y xx-0209-2c 
1 ZXX-0209-2D-31 
1 Y xx -0209-2c -02 
1ZXX-0209-3F 
1ZXX-0209-4E 
1 ZXX-0209-4E-01 
1ZXX-0209-4D-02 
1 ZXX-0209-4D-03 
1 ZXX-0209-5D 
1 ZXX-0209-5D-01 
1 ZXX-0209-5D-02 
1YXX-0209-6A 

PERSONNEL HATCH MECF 
IYXX-0210-1D 
1 ZXX-0210-2F 
1 Y xx-02 10- 3c 
1YXX-0210-5B 

EE 
AA 
A4 
AA 

AA 
AA 
EE 
AA 
BB 
BB 

D RETRI 
BB 
AA 
AA 

CH. SUB! 
DD 
FF 
FF 
FF 
FF . 
FF 
FF 
FF 
FF 
FF 
FF 
EE 

SUBSYST 
DD 
AA 
A A .  
AA 

Ignition Source When Flamnable F lu id .  
are  Present 

Inadvertent Fi ri ng 
Prenature Actuation of Rocket Catapul t 
Explosive Decompression of CM 
Failure of Pyro C.E. Panel Severance 

Pyro Energy Transfer System Malfunction 
Failure Thruster Assy. - Escape System 
Uplock Thruster Assy. Malfunction - LG 
Failure o f  Rocket Catapult Assy. 
Fail t o  Igni t e  
Premature Firing 

Loss of Operational Control of RMS 
Loss of Capability t o  Stow 
Fa1 1 ed Mechani sm 

Loss o f  Pressure 
Icing o f  Probes 
Fai 1 ure o f  A i  r Data Probes 
Failure o f  Aero F l i g h t  Control Mech. 
Rudder Subsystem Mal function 
Rudder Power Drive U n i t  Failure 
Rotary Actuator B i  ndi n g/ J ammi ng 
Speed Brake Power Drive U n i t  Failure 
Body F1 ap Actua t i  on Sys tern Fai 1 ure 
B/F Rotary.Actuator Binding/Jamming 
B/F Power Drive U n i t  Malfunction 
Failure of Yaw and Brake Pedals 

Assys. 

AL - 

I 
Excess Leakage o f  Pressure 
IngressjEgress Hatch Mechanism Fail 
Failure o f  Hatch 
Imp roper Procedure Imp1 emen ted 

- 

.IL- -. 

I: 
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REMOTE OPERATED WOF 
lYXX-3211-1D 
1 Y  XX-021 1-2B 
1 Y  xx-0211- 3c 
lYXX-0211-4C 
IYXX-0211-48-01 
1YXX-0211-5A 
1Y XX-0211 -SA 
I Y X X - O E !  !-?C 
1Yxx-0211-8A 

.- 
e 

-~ 

FF 
DD 
DD 
cc 
cc 
xx 
FF 

CC 
it& 
M 

T/Umbilical Doors F a i l  t o  Close 
CS Doors F a i l  t o  Close 
t a r  Tracker Doors Mal functfoned 
e n t  Doors F a i l  t o  Open 
en t  Doors Actuate Prematurely 
aunch h b i i i c a l  Doors Fai l  
wd RCS Doors Malfunct ion 
lent !hers Fail t o  Close 

. 

T--.<-<A- Cnllrro< m------ Potentia: A L J I I ~  t . I u 1 1  ..-- r r - r x ! ? t  
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TABLE VIII 

HAZARD ANALYSIS MISSION PHASE LISTING 
- .  

a- 
SUBSYSTEM GROUP : t"ECHANICA1 

HAZARD NUMBER PROBLEM DESCRIPTION 

PRELAUNCH 
1 ZXX-0206-1 G 
1 ZXX-0206-26 
1 ZXX-0207-2G 
1 vxx-0207-3c 
1ZXX-0210-2F 
1Y xx-0211-8A 

LIFTOFF THRU ORBIT 
I Y XX-0201-7D 
1Y 3X-0203-1 D 
IY3X-0203-2D 
1Y 3X-9203-4A 
1 z7x-0205-1c 
1 ZXX-0206-1 G 
1 ZXX-0236-2G 
1 ZXX-0206- 36 
1 ZXX-0207-2G 
1 ZXX-0207-2E-01 
1 vxx-0207-3c 
1 ZXX-0207-6A 
1VXX-0207-7E 
1 VXX-0207-9F 
1 VXX-0207-10E 
1 VXX-020 7- 12 D 
1Y 3X-0207-13E 
lY3X-0207-14D 
1Y xx-0209-2c 
1YXX-0210-1D 
1YXX-0211-1 D 
1 YXX-0211-4C 
1YXX-0211-4B-31 
1Y XX-0211-6A 
1Y xx-0211-8A 

ON ORBIT 
1YXX-0201-7D 
1 Y XX-0204-1 E 
1YXX-0204-2D 
1 Y  XX-0204-3D 

.. . 
Excessive F lu id  Leakage 
Over/llnder Pressurization 
Ignition Source k'hen F1 ammable F1 ui  ds are  Present 
Premature Actuation of Rocket Catapult 
Ingress/Egress Hatch Pechanism Fail 
Potential Igni t ion Sources 

LG Door Mechanical Devices F a i l  
Failure of Separation Mechanism 
Umbi 1 i cal P1 a t e  kchani  sms Fai 1 
Excessfve Leakage of LH2 
Structural Failure 
Excessive F l u i d  Leakage 
Over/Under Pressurization 
Loss of F l i g h t  Control 
Ignition Source Wnen F1 amnable F1 uids are  Presenz 
Inadvertent Firing 

Explosive Decompression o f  CM 
Failure o f  Pyro C.E. Panel Severance Assys. 
Pyro Energy Transfer System Malfunction 
Failure Thruster Assy. - Escape System 
Failure of Rocket Catapult Assy. 
Fai l  to Igni te  
Premature Firing 
Loss o f  Pressure 
Excessive Leakage o f  Pressure 
ET/hb .  Doors Fail t o  Close 
Vent Doors Fail t o  Open 
Vent Doors Actuate Prematurely 
Fwd RCS Doors Malfunction 
Potential Ignit ion Sources Present 

Premature Actuation of Rocket Catapult - . .? - 

LG Door Mechanical Devices Fall  
Doors Fail t o  Close 
Doors Fail to Open 
Radiators Fail t o  Close 

(con t l  nued) 

r l  
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TABLE VIII 0 

v HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: MECHANICAL 
a. 

HAZARD NWBER PROBLEM DESCRIPTION 

ON ORBIT ( a n t . )  
TTTOZTS-ZA 
1 Z7X-0207-2E-01 
1 vxx-0207-3c 
1 ZXX-0207-6A 
1 Y7X-0208-18 
1 Y XX- 020 8-2 C 
1Y XX-0208-3B 
1YXX-0210-1D 
1 ZXX-22: 0-2F 
5 zxx-ott 
izxx-oii 
1 Y xx-021 
1 Y xx-021 

0-3c ~ 

0-5B 
1-26 
1 -3C 

1YXX-0211-6A 
1 Y xx-0211- 7c 

Fails  t o  Secure PIL . -  
Inadvertent Firing 
Premature Actuation of Rocket Catapult 
Expl osi ve Decompression o f  CM 
Loss o f  Operational Control o f  RMS 
Loss o f  Capability t o  Staw 
Fat led Mechanism 
Excessive Leakage o f  Pressure 
? ~ n u r  e---- ras/Egress Hatch Yethanfsm Fall 
Failure of  Hatch 
Improper Procedure Implemented 
RCS Doors Fall t o  Clme 
Sta r  Tracker Doors Mal functf oned 
Fwd RCS Doors Malfunction 
Vent Doors Fail t o  Close 

I 
' _  

! 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

IZXX-0201-1 F-01 
ZXX-0201-2F 
ZXX-0201-2F-01 
ZXX-0201-2F-02 
ZXX-0201-2F-03 
IZXX-0201-2E-04 
ZXX-0201-2E-05 
ZXX-0201-2E-06 
'ZXX-0201-3F 
ZXX-0201-3F-01 
ZXX-0201-3F-02 
1zxx-0201-5c 
ZXX-0201-06 
Y XX-0201-7D 

1 Y xx-0204-i E 
1Y XX-0204-3D 
1z7x-0205-1c 
1 Z7X-0205-2A 
IZXX-0206-1G 
IZXX-0206-2G 
1 ZXX-0206- 3G 

. . -  

LG Fai l  t o  Extend 
LG Door Fails to  Open 
Collapse of LG 
Structural  Failure of Shock S t r u t  
Drag Brace Failure 
MLG Torgue Arms Failure 
Structural  Failure of Lock Braces 
Structural  Fai 1 ure of Trunnion Ftgs. 
Failure of Trunnion Assy. 
Orbiter Runs Off Runway 
Tire Failure 
MLG Brake/Ski d Control Mal functiaa . 
Instal la t ion of LG Ground Locks 
Failure of Drag Chute 
LG Door Mechanical Devlces Fail 
Doors Fail t o  Close 
Radi ators F a i l  t o  Close 
Structural Fai 1 ure 
Failure t o  Secure Payload (P/L) 
Excessi ve F1 u i  d Leakage 
Over/ Un der Press u ri z a ti on 
Loss o f  Flight Control 

- 

i 
I 

(continued) 
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TABLE VIII . 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: MECHANICAL 
a. 

HAZARD NUMBER 

~ 

PROBLEM DESCRIPTION 

D E O R B l T  THRU LANDIFiG (Cont.) 
1 ZXX-0206-3G-01 
1 ZXX-0206-3E-02 
1 ZXX-3206-4F 
1 ZXX-0206-4E-01 
1ZXX-0206-4F-02 
1 ZXX-0206- 4F-03 
1ZXX-0206-SA 
1 ZXX-0207-2G 
1 ZXX-0207-2E-01 
1 vxx-0207-3c 
1 ZXX- 0207-6A 
1 VXX-0207- 7E 
1VXX-0207-9F 
1VXX-0207-10E 
1 zxx-0207-11E 
1VXX-0207-12D 
1YXX-0209-2c 
1 ZXX-0209-2D-01 
1 zxx-0209-2c-02 
1ZXX-0209-3F 
1 ZXX-0209-4E 
1ZXX-0209-4E-01 
1ZXX-0209-4D-02 
1ZXX-0209-4D-03 -~ - 

1 ZXX-0209-5D 
1 ZXX-0209-5D-01 
1 ZXX-0209-5D-02 
1YXX-0209-6A 
IYXX-O210-; D 
1 ZXX-0210-2F 
1zxx-0210-3c 
1ZXX-0210-5B 
1YXX-0211-4c 
1 Y XX-0211- 48-01 
1YXX-0211-SA 
1 Y xx-0211-iA 

. .  

. .  . .  
Elevon Actuatoe Fai 1 u r e  
Mal function of TVC lc tuators  
Loss of Hyd. Power to  LG/Dec. Subsystem 
MLGINLG S t r u t  Actuator Failure 
MLG/NLG Uplock Actuntor Malfunction 
S t r u t  Actuator Cy1 i qder Fai 1 u r e  
R/SB o r  B/F PDU Seal Fail ure 
Ignition Source When Flam. Flds. are  Present 
Inadvertent Firing 
Premature Actuation of Rocket Catapult 
Explosive Decompres;i on of CM 
Failure of Pyro C.E .  Panel Severance Cissys. 
Pyro Energy Transfer System Malfunction 
Failure Thruster Assy. - Escape System 
Uplock Thruster Assy. Malfunction - LG 
Failure of Rocket Catapult Assy. 
Loss o f  Pressure 
Icing o f  Probes 
Failure of Air Data Probes 
Failure o f  Aero F l i g h t  Control Mech. 
Rudder Subsys tern Malfunction 
Rudder Power Drive U n i t  (PDU) Failure 
Rotary Actuator Bindirtg/Jamming 
Speed Brake PDU Failure 
Body F lap  Actuation System Failure 
Body F l a p  Rotary Actuator Binding/Jamnlng 
B/F PDU Malfunction 
Failure of Yawl and Brake Pedals 
Excess1 ve Leakage of Pressure 
Ingress/Egress Hat& Mechanism Falls 
Fat1 ure of Hatch 
Inproper Procedure Implemented 
Vent Doors Fail t o  Open 
Vent Doors Actuate Prematurely 
Launch Umbilical Dows Fall 
Potential Ignit ion Sources Present 

. .  



c 

I 

PROPULSION SYSTEM HAZARD SUMMARY 

This volume of the Safety Analysis Report addresses the OV-102 Shu t t l e  
Orbiter, Vertical F l i g h t  Configuration, Propulsion System. Forty-four 
HA's have been identified i n  the Propulsion area. The hazard analysls was 
performed i n  parallel w i t h  design d e f i n i t i o n  and many of these hazards were 
identified from information i n  reports such as the Accident/Incident Data 
Bank and the 3SC 00134 Space F l i g h t  Hazard Catalog t h a t  was available fm 
previous programs. 
features t o  eliminate or control these hazards, and the Safety Analysis 
Report listing was used as a method t o  check t h a t  the safety features were 
incorporated i n  the design. Table IXis a summary of the number of hazards 
i n  each hazard category for each Propulsion group. Table X l ists  each o f  
the hazards ident i f ied,  by Propuls ion subsystem, and the i r  dispositlon. . 

Table X I  i s  a mission phase breakdown o f  the HA's. All forty-four o f  the 
Identified hazards are closed. 

In most cases the i n i t i a l  design incorporated the safety 

. .  

21 
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TABLE x '  
HAZARD A.??LUYSIS mbw 

. -  
...-.--- -. 

MODEL I SHUTTLE ORBITER OV-102 CDR I 
I I  3BSYm! GfOL!! 1 PROPULSION 

HAZARD hVBER 

aIN PROPULSION 
I Y xx-0301-01 
I Y xx-0301-02 
1Y XX-0301-03 
IYXX-030! -04 
!Y XX-039! -35 
IYXX-0301-06 
IYXX-0301-07 
I V V V  n m i  na 
! ! fi.fi.-u+u I -u2 

1 Y xx-0 301 - 10 
I Y xx-0301-11 
1YXX-0301-12 
1YXX-0361-13 
1YXX-0301-14 
I YXX-0301-15 
1YXX-0301-16 
i y x x - ~ s ~ i - i  7 
1 Y XX-0301-18 
1YXX-0301-19 

?EACTION CONTROL SUB: 
1 YXX-0302-01 
1Y xx-0302-02 
1YXX-0302-03 
IYXX-0302-04 
1 YXX-0302-05 
1 YXX-0302-06 
I YXX-0302-07 
1 Y XX-0 302 -0 8 
1Y xx-0302-09 
1YXX-0302-10 
1YXX-0302-11 
'1 Y xx-0302-12 I 1 Y xx-0302- 1 3 

cc 
cc 
FF 
FF 
BB 
cc 
cc 
Ff 
FF 
cc 
cc 
cc 
cc 
FF 
cc 
FF 
FF 
FF 

TEM 
CC 
cc 
cc 
cc 
cc 
cc 
cc 
FF 
FF 
FF 

. FF 
FF 
AA 

- 

p Y xx-0 303-02 ICC 
YXX-0303-03 
YXX-0303-04 
Y xx -0 30 3-0 5 
YXX-0303-06 

* E I Y - - - - -  xx-0 303-07 

Heat Exchanger C o i l  Rupture 
GOX Rich A f t  Compartment 
SSME Chamber Burn Through 
Thrus t  Vector Control E r r o r  
High Pressure He Gas F l o w  
LOX/GOX Uncontrol led Release 
LH2/GH Uncontrol led Release 

!Loss o f  tiydrogsn Fue? Flow 
Loss of Oxygen Flow 
Hydrogen Rich A f t  Compartment 
GGX Rich A f t  Coiiipartment 
Launch Dynamics - LOX/GOX 
Launch Dynamics - LHz/GHz 
SSME Shutdown 
H2 Vapor Concentrations 
?cis cf LH2 Tank  Ullage Pressure 
Loss Hydraul i c Actuat ion 
Loss SSME/SSME's 

h rus te r  Burn Thru 

h rus te r  Premature Fi r i n g  

o f  Hazardous Atmosphere 
PS POD Over-Pressurization -- 

Reaction i n  POD 
xp los i  ve Rupture o f  Propel 1 ant Tank 
xplosive Rupture o f  Ni t rogen Tank 
xplosive Rupture o f  Helium Tank cc 

CC ME Burn Thru I 1  (cont inuedj  

I 

c 
. .  

I 

S D '7 '7 - S II - 0  0 0 1 - O I 
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k. 

i 
TABLE XI' 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: PROPULSION 
a- 

HAZARD NUMBER PROBLEM DESCRIPTION 

PRELAUNCH 
I YXX-0301-02 
1YXX-0301-06 
1 Y xx-0301-09 
1 YXX-0301- 10 
1YXX-0301-16 
1Yxx-030:-: 7 

1YXX-0302-02 
: ~ - l p u r - l ~ $  

1YXX-0302-05 
1YXX-9302-06 
lYXX-O302-@7 
1Y xx-0302- 7 3 
1Yxx-0303-01 
1 Y xx-0303-02 
1 Y xx-030 3-3 3 
1Y XX-03G3-04 
1YXX-0303-05 
1YXX-0303-06 
1Y7X-0303-09 
1Y 7X-0303-11 

....... *-,.a 

LIFTOFF THRU ORBIT 
I YXX-0301-01 
1YXX-O301-02,12 
1YXX-0301-03 
IYXX-0301-04 
1YXX-0301-05 
1YXX-0301-36 
1Y xx-0301-09 
1 Y xx-0 301 - 10 
1YXX-0301-13 
1Y xx-0301-14 
1 YXX-0 301 - 15 
IYXX-0301-16 
1 Y XX-0301- 17 
IYXX-0 301 -1 8 
1 Y xx-0 30 1 -1 9 

4 

GOX Rich A f t  Compartrnmt - .  
LOX/GOX Uncontrolled ?elease 
Loss o f  Hydrogen Fuel Flow 
Loss of Oxygen f low 
H2 Vapor Concentratiox 
Loss o f  LH2 Tack Ul?a;e Pressu- 

Forward RCS Module or APS Pod Overpressurization 

Generation of Hazardous Atmosphere 
Explosive Rupture  of ?CS Helium lank 
Explosive Rupture of RCS Propellant Tank 
Thruster Inadvertent F i r i n g  on Ground 
Generation of Hazardous Atmosphere i n  APS Pod 
APS Pod Overpressurization 
Hypergolic Reaction 17 APS Pod 
Explosive Rupture o f  Ut+% Propeiiant Tank 
Explosive Rupture of OMS Nitrogen Tank 
Explosive Rupture of OMS Helium lank 
Hazardous Atmosphere i n  Payload Bay 
Explosive Rupture of PBK Helium lank 

1 1  nvrmnlr*!  - . . - - * > -  !L R e a c t ! ~ ~  f l  RC-s < ~ ~ ; ; p ~ ~ ~ ~ ~ t  . J  r-. ;I' 

Heat Exchanger Coil Rupture 
GOX Rich A f t  Compartment 
SSME Chamber Burn Thr6ugh 
Thrust Vector Control Error 
High Pressure Helium Gas Flow 
LOX/GOX Uncontroll ed Release 
Loss of Hydrogen Fuel Flow 
Loss o f  Oxygen Flow 
Launch Dynamics - LOX/GOX 
Launch Dynamics - LH2/GH2 
SSME Shutdown 
H2 Vapor Co-ncentratfons- 
Loss of LH Tank U l l a ~ e  Pressure 
Loss of Hy a raul ic  Actuation 
Loss o f  SSME/SSME'r 

(con ti nued) 
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TABLE XI . 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: PROPULSION 
*.- - .-- - 

HAZARD NUMBER PROBLEM DESCRIPTION 

LIFTOFF THRU ORBIT (Cont.) 
I Y XX-0302-01 
1Y xx-0302-02 
1YXX-0302-04 
1 Y XX-0302-05 
1Y XX-0302-06 
1 Y xx-0302-07 
1 Y XX-0302-08 
1YXX-0302-09 

'1YXX-0302-10 
1YXX-0302-11 
1 YxX-0302- 12 

1 Y xx-0303-01 
1YXX-0303-02 
1YXX-0303-03 
1YXX-0303-04 
1 Y xx-0 303-05 
1YXX-0303-06 
1 Y xx-0 303-07 
1YXX-0303-08A 
1YXX-0303-09 
1 Y 7X-0 30 3-1 0 
1Y7X-0303-11 
1 Y 7X-0303-12 

ON ORBIT 
1YXX-0302-01 
1YXX-0302-02 
1 Y xx -0 302 - 04 
1YXX-0302-05 
1YXX-0302-06 
1 Y xx-0302-07 
1 YXX-0302-08 
1YXX-0302-09 
1 Y xx-0 302- 1 0 
1YXX-0302-11 
1 Y xx- 0 303-01 
1Y xx-0303-02 

. .  
RCS Thruster B u m  Through 
Forward RCS Module or APS Pod Overpressurization 
Hypergolic Reaction i n  RCS Compartment 
Generation of Hazardous Atmosphere 
Explosive Rupture o-' RCS Helium Tank 
Explosive Rupture 0':  RCS Propellant Tank 
RCS Thruster Premature Shutdown 
RCS Thruster Premature F i r i n g  
RCS Thruster Failure t o  Shutdown 
RCS Thruster Failure t o  Fire 
Loss of Capability i o  Separate From ET 

Generation of Hazardous Atmosphere i n  APS Pod 
APS Pod Overpressurization 
Hypergolic Reaction i n  APS Pod 
Explosive Rupture o ' OMS Propellant Tank 
Explosive R u p t u r e  of OMS Nitrogen Tank 
Explosive Rupture olt 01% Helium Tank 
OMS Engine Burn Through 
Loss o f  Capability to  Deplete OMS Propellant 
Hazardous Atmosphere i n  Payload Bay 
Explosive Rupture of PBK Propellant Tank 
Explosive Rupture o r  PBK Helim Tank 
Inabi l i ty  to  Dump PBK Propellant 

RCS Thruster Burn Through 
Forward RCS Module a r  APS Pod Overpressurization 
Hypergolic Reaction i n  RCS Compartment 
Generation o f  Hazardous Atmosphere 
Explosive Rupture o f  RCS Helium Tank 
Explosive Rupture of RCS Propellant Tank 
RCS Thruster Premature Shutdown 
RCS Thruster Premature Firing 
RCS Thruster Failure t o  Shutdown 
RCS Thruster Fai 1 ure t o  Fire 
Generation o f  Hazardous Atmosphere In APS Pod 
APS Pod Overpressurfzation . 

(con t 1 nued) 
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TABLE XI? 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: PROPULSION 
-. 

- _  
HAZARD NUMBER PROBLEM DESCRIPTION 

ON ORBIT (Cont.) 
1yXx-D303-03 
1 Y xx-0303-04 
1Y xx-0 303-05 
1YXX-0303-06 
1Y xx-0333-07 
I Y IX-0333-09 
1 Y7X-0303-10 
1 Y 7X-0303-11 

- 7  

DEORBlT THRU LANDING w 
1YXX-0302-02 
1YXX-0302-04 
1 YXX-0302-05 
1 YXX-0302-06 
1YXX-0302-07 
1 Y M-0 302- 58 
1 Y  xx-0302-09 

1 Y xx- 0 30 3- 01 
1YXX-0303-02 
1 YXX-0303-03 
1YXX- 0303-04 
1 Y xx-0303- 05 
1 Y XX- 0303- 06 
1 Y xx-0303-07 
1YXX-0303-08A 
1Y 7X-0303-09 
1Y7X-0303-10 
lY7X-0303-11 
1Y7X-0303-12 
IYXX-0303-16 

Hypergolic Reaction i n  APS Pod . . -  
Explosive Rupture o i  OMS Propellant lank 
Explosive Rupture 01 OMS Nitrogen Tank 
Explosive Rupture o f  OMS Hellum Tank 
OMS Engine Burn Thrcugh 
Hazardous Atmospherf i n  Payload Bay 
Explosive Rupture of PBK Propellant Tank 
Explosive Rupture of PBK Heliun Tank 

RCS Thruster Bum l b rough  
Forward RCS Module or APS Pod Overpressurization 
Hypergolic Reaction i n  RCS Compartment 
Generati on o f  Hazardous Atmosphere 
Explosive Rupture of RCS Hellum Tank 
Explosive Rupture of  RCS Propel 1 ant Tank 
RCS Thruster FreiiiatLre Shutdam 
RCS Thruster Premature F i r i n g  

’ 

i 

- . .  i * ---: - --r L’l ~ . L - . . -  
1YM-0302-10 RCS Thruster Failure . t o  Shutdown 
IYXX-0302-11 
1 Y xx- 0302- 1 3 

_ _  
RCS Thruster Failure t 0  F i r e  
RCS Thruster Inadvertent Fi  r i n g  on Ground 
Generation of Hazarcaus Atmosphere i n  ApS Pod 
APS Pod Overpress uri zat i  on 
Hypergolic Reaction i n  APS Pod 
Explosive Rupture of OMS Propellant lank 
Explosive Rupture of OMS Nitrogen l a n k  
Explosive Rupture of OMS Hellum Tank 
OMS Engine Burn  Through 
Loss o f  Capability t o  Deplete Propellant 
Hazardous Atmosphere i n  Payload Bay 
Explosive Rupture of PBK Propellant l a n k  
Explosive Rupture of PBK Helium Tank 
Inabi l i ty  t o  Dump PBK Propellant 
Insuffi clent Remeining OMS Propellant 

1 
! 

j 

I 

. .  
1. 
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POWER SYSTEM HAZARD SUWRY 

This volume of the Safety Analysis Report addresses the OV-102 S h u t t l e  
Orbiter, Vertical Flight Configuration, Power System. Twenty-one HA's 
have been identified i n  the Power area. The hazard analysis was performed 
i n  parallel w i t h  design definition and many of these hazards were identifled 
from information i n  reports such as the Accident/Incident Data Bank and 
the JSC 00134 Space F l i g h t  Hazard Catalog t h a t  was available from previous 
programs. In most cases the i n i t i a l  design incorporated the safety features 
t o  eliminate or control these hazards, and the Safety Analysis Report l i s t fng  
was used as a method t o  check t h a t  the safety features were incorporated 
i n  the design. Table XI1 i s  a sumnary of the number o f  hazards i n  each hazard 
category for each Power group. Table XIIIl ists  each of the hazards ident i f ied,  
by Power subsystem, and the i r  disposition. Table XIV is a mission phase 
breakdown of the HA's. All twenty-one of the identified hazards are closed. 

28 



P 

H *. 

x" 

;r 
W 
-I m c -  

IL 
IL 

0 

Y 
t 
0 u 
c; 
P 
LL 

c 
0 
VI cn 
0 
2 

. S D7 7 - S II - 0  00 1 - 0;' r- 
29 -- 



1 
. .  . . . .  

S 

i TABLE XIII 
HAZWI AVXLYSIS SMW 

. -  



. I  

c 

TABLE XIV 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: - AUXILLIARY POWER 
a. 

HAZARD NUMBER 

~ - 

PROBLEM DESCRIPTION 

PRELAUNCH 
Izxx-0402-01 
1 zxx-0402-02 
1 zxx-0402-03 
1 zxx-0402-04 
1 ZXX-0402-05 
l fXX-0402-07 
1ZXX-0402-08 
1 zxx-0432-09 
ILAA-USUL-IU 
1 zxx-0402-12 
1 ZXX=O?c)?-? 5 
LIFT OFF THRU ORBIT z zxx-0402-01 
1 zxx-0402-02 
1zxx-0402-03 
1 zxx-0402-0s 
1 zxx-0402-09 
1 zxx-0402- 12 

- -vu e.1- .fl 

ON ORBIT 
1ZXX-0402-02 

DEORBIT THRU LANDING 
1 ZXX-0402-01 
1 zxx-0402-02 
1 zxx-0402-03 
1 zxx-0402-0s 
1 ZXX-0402-07 
1 ZXX-0402-09 
1 zxx-0402-12 

I 
Exhaust Duct Rupture 
Hydrazine Leakage 

N2H4 Leakage a t  Umbi l i ca l  
APU I r i su la t i cn  Lezk Paths 
Ff tti fig Leakage !2H4 
Explosion i n  Exhaust Duct (S ta r t )  
F a i l u r e  t o  Contain Rotat ing Parts 

Fa i l u re  o f  Gas Generator 
NzH4 Vapors Overboard/Gmd. 

. Turbine Fa i l u re  

Eydrcrj ne Rqj tGye  

Exhaust Duct Rupture 
Hydrazine Leakage 
Turb i  ne Fai 1 u re  
APU Insu la t i on  Leak Paths 
Fa i l u re  t o  ContaSn Rotat ing Par ts  
F a i l u r e  o f  Gas Generator 

Hydrazine Leakage 

Exhaust Duct Rupture 
Hydrazi ne Leakage 
Turbine Fai lure' 
APU I n s u l a t i o n  Leak Paths 
F i t t i n g  Leakage N2H4 
F a i l u r e  t o  Contain Rotat ing Par ts  
F a i l u r e  of Gas Generator 

. .  I 
! 

. .  
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' TABLE XIV 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: -ELECT. POWER 
a. 

HAZARD NUMBER 

~ -- 

PROBLEM DESCRIPTION 

PRELAUNCH 
I Y xx-0401-01 
1 YXX-0401-02 
1 Y xx- 0401 - 03 
1 Y  xx-0401-05 
1 ZXX-0401- 06 
1Y XX-0401- 08 
1 zxx-0401- 10 
1 Y  xx- 0401 - 1 1 

LIFT OFF THRU ORBIT 
1YXX-0401-03 
1ZXX-0401-04 
1YXX-0401-05 
1Y XX-0401-08 
1 zxx-0401- 10 

ON ORBIT 
1YXX-0401-03 
1YXX-0401-05 
1YXX-0401-08 
1 zxx-0401-10 

DEORBIT THRU LANDING 
7 Y  xx- 0401 -03 
1ZXX-0401-04 
1 YXX-0401- 05 
1 ZXX-0401- 10 
1 zxx-0401-12 

4 

I '  t '  

LH2 Leakage a t  Umbi l fca l  . .  
Cross Coupling o f  LOX and LH2 
I g n i t i o n  Energy - LOX R e d r .  Pump 
Pressure Vessel Rupture 
Gas Vapors a t  Umbi l ica l  
Gas Vapors i n  Mid Fuselage 
Press. Vessel/Line Rupture 
Toxic  Vapors From Batt. 

i 
I g n i t i o n  Energy - LOX Recir. Pump 
I n t e r r u p t i o n  o f  a l l  Elect. Power ! 

Pressure Vessel Rupture 
Gas Vapors i n  Mid Fuselage 
Press. Vessel/Line Rupture 

I 

I g n l t i o n  Energy - LOX Recir. Pump 
Pressure Vessel Rupture 
Gas Vapors i n  Mid Fuselage 
Press. Vessel/Line Rupture 

I g n i t i o n  Energy - LOX Recir. Pump 
I n t e r r u p t i o n  o f  a l l  Elect .  P w e r  
Pressure Vessel Rupture 
Press. Vessel/Line Rupture 
HZ Vapors - Batt. Venting 

I . 



AVIONICS SYSTEM HAZARD SUFMARY 

This volume o f  t h e  Safety Analysis Report addresses the  OV-102 S h u t t l e  
Orb i ter ,  V e r t i c a l  F l i g h t  Configuration, Avionics System. Seventy-two HA's 
have been i d e n t i f i e d  i n  t h e  Avionics area. The hazard ana lys i s  was 
performed i n  p a r a l l e l  w i t h  design d e f i n i t i o n  and many o f  these hazards were 
i d e n t i f i e d  from in fo rma t ion  i n  repor ts  such as the  Acc iden t l I nc iden t  Data 
Bank and the JSC 00134 Space F l i g h t  Hazard Catalog t h a t  was a v a i l a b l e  f r o m  
previous programs. I n  most cases t h e  i n i t i a l  design incorporated t h e  safety 
features t o  e l im ina te  o r  con t ro l  these hazards, and the Safety  Analysis Report 
l i s t i n g  was used as a method t o  check t h a t  the safety features were incorpo- 
ra ted  i n  the design. Tab leXV is  a s m a r y  o f  the number of hazards i n  each 
hazard category f o r  each Avionics group. Table X V I  l i s t s  each of t h e  hazards 
i d e n t i f i e d ,  by Avionics subsystem, and t h e i r  d ispos i t ion.  Table XVII i s  a 
miss ion phase breakdown o f  the HA's. O f  t he  seventy-two hazards i d e n t i f i e d ,  
s i x t y - t h r e e  o f  these are c losed and nine are open, e i g h t  of which a re  i n  an 
in-work s tatus and one i s  a res idua l  hazard. 

Residual 
- - - - _____ _ _  - _ _  

, 1 ~ ~  v J v l - ~ g ,  G i j - A * . - # i 3 * *  b-r irr  5 i n m g l > + a ~ "  qpnar;l:*i( - " ' ) ) I -  *------&-A " 

addresses the i ssue  wherein t h e  IMU's, f o r  purposes of accuracy and a l i g n -  
merlt i n t eg r i ty ,  are l oca ted  on a comnon nav base. 
t h i s  design dec is ion - t h a t  o f  a s i n g l e  gross impact and/or c o l l i s i o n  p u t t i n g  
a l l  IMU's ou t  o f  business - i s  weighed against  the f a c t  t h a t  t he  crew and 
IMU's share a s i m i l a r  r i s k  environment. The operat ional  need fo r  c o l l o c a t i o n  
appears t o  ove r ru le  the  exposure t o  r i s k  e x h i b i t e d  by co l l oca t i on .  

In- i lork 

1YXX-0501-04, "False Lock-On/Unlock o f  S t a r  Tracker Optics," w i t h  t h e  S A I L  
v e r i f i c a t i o n  o f  s t e l l a r  p o s i t i o n  vs. IMU pos i t i on ,  o e r i o d i c  d r i f t h a t e  and 
magnitude check software and inco rpo ra t i on  o f  i n i t i a l  s t a r  I D  procedures i n  
t h e  F l i g h t  Data F i l e ,  t h i s  hazard w i l l  be closed. 

1YXX-0501-13, " F a i l u r e  t o  I n i t i a t e  Post ET Separation O r b i t e r  P i  tch-Up Dur ing 
RTLS Abort," has been reopened as i n i t i a l  Backup F l i g h t  System spec i f i ca t i ons ,  
~'G93810O-series, do n o t  prov ide as y e t  back-up software i n  the  RTLS abor t  phase 
t o  support  a pr imary system software gener ic f a u l t .  These spec i f i ca t i ons  have 
n o t  been basel ined, 

~ C U U I I U U I I ~  I a c i i a  i i v c  nusc(uurbIJ --F-. _-__ L!'!L' 5 L V !  !VC-QCFu: 
i v  v v - n r n i  

The r i s k  associated with 

1ZXX-3501-15, 'I 

This hazard con 
f a i  1 ed "Wei ght- 

Premature Nose P i t c h  Down a t  Roundout - Autoland Funct ion Only." 
cerns an erroneous sequence gate entered i n t o  the  FCS by a 
on-Wheels" c i r c u i t  making the  v e h i c l e  b e l i e v e  i t  i s  on t h e  

ground w h i l e  s t i l l  a i rborne. 
a procedural  accommodation. 
and t h e  design approved t o  minimize exposure t o  r i s k  has n o t  been base l i ned  
a t  t h i s  t ime.  

The problem i s  being handled on the  OV-101 through 
On OV-102, the  bas i c  design I s  being assessed 

33 



1YXX-0502-03, "Leakage of  MSBLS KU-Band Wave Circle Through Pressure Bulkhead 
Reduces Cabin Fressure,Io this  hazard  will remain open unti l  successful 
carpletion o f  the v i b r j t i o n  and pressure check and qual i f icat ion t e s t s  per 
A V i O  QTP No, 3 0 3 ,  Rev. 5 ,  Drovide assurance o f  waveguide pressure integrity. 

1YXX-0506-04, "Inadvertent Pyro F i r i n g  Misfiring," inhibit ion is  sensi t ive t o  
the procedures in the Flight Data File. 
procedures have been preDared to  accommodate the above potenti a1 hazard. 

1ZXX-0506-08, " O f f  Schedule 'Aning '  o r  'Disarming' of Systems ,'I this  hazard 
will remain open until procedures have been prepared t o  accommodate a l l  
"Am" and "Disarm" conditions i n  the ALT phase and, l a t e r  on i n  the OFT phase, 

T h i s  haza rd  will remain open u n t i l  

1 ZXX-9506-10, "Fai 1 ure t o  Deadface KU-Band Radar Boom Power Circuits Before 
Gui l lotining/Jett isoniqc," this  hazard  will be closed when the appropriate 
procedure t o ,  ' I - - - -  rerrove power before j e t t i  soni ng KU-Band Radar Boom" is 
inserted i n  the Flight rlata File. 

1ZXX-0506-14, "Powerin? up Systems w i t h  Latching Relays in Unknown Positions," 
this  hazard  closure i s  sensi t ive t o  the procedures t h a t  will  identify and 
accommodate the positioning o f  latching relays pr ior  t o  powering up the 

b 

systems. This study i s  i n  process. _. - i _. - - 
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TABLE 

HAZARD ANALYSIS S B B W  

.. 

SHUllLE ORBITER OV-102 CDR 

GENERAL 
1 zxx-0500-01 
1 zxx-0500-02 
1 zxx-0500-03 
1 zxx-0500-04 
1zxx-0500-05 
1 ZXX-0500-06 
1 ZXX-0500-08 
1Y xx-0500-09 

;N&C 
1zxX-0501-02 
1 Y XX-0501-04 
1 ZXX-0501-36 
1 zxx-0501-07 
1 Y XX-0501-08 
1YXX-9501-09 
1YXX-0501-11 
1YXX-0501-12 
1YXX-0501-13 
1 zxx-0501-1s 

1YXX-0501-50 
1 YXX-0501-54 
1 zxx-0501-57 

C & l  
lzXX - 0 50 2- 0 2 
1YXX-O502-~2-01 
1 YXX-0502-03 

DISPLAYS & CONTROL 
7 zxx-0503-02 
1 zxx-0503-03 
1 zxx-0503-04 
1 zxx-0503-05 
1 zxx-0503-07 
1 zxx-0503-39 
1zxx-0503-10 
1zxx-0503-11 
1zxx-0503-12 

. .  
f l  

I- 

WRD 
WUP - 
xx 
xx 
xx 
FF 
FF 
cc 
FF 
FF 

FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 

FF 
FF 
FF' 

cc 
cc 
DD 

cc 
DD 
FF 
FF 
DD . 
DD 
ED 
FF 
FF 
- 

Failure t o  Key Conriectok 
Use o f  Counterfeit Parts 
Use o f  Wet Tantalmi Capacitors 
Momentary Power In :errupt 
Transient Power Su )ply 
Spurious Ignition ;ources 
Failure o f  Relays 
Premature/False In i t ia t ion  of ET 
Separation Access 

. -  

Loss o f  IMU Pla t fom S tab i l i t y  
False Lock-h/Unlock o f  S ta r  Tracker 
Inabi l i ty  t o  Access TAEMS 
Loss o f  Rate Gyro Stab i l i t y  
Loss o f  Guidance Sistem Accuracy 
Redundant IMU's Collocated 
Improper Air Data/Loss of  Air Data 
Exceeding L i m i t  Load Factors/Entry 
Failure t o  I n i t i a t e  Post ET Pitch-Up 
Premature Nose Pitch Down a t  Round-Out 

False In i t ia t ion  c f  SSME Auto Shut-Daw1 
Failure t o  Obtain FCS End-To-End Check 
Failure t o  Disable MDM Body Flap 

Corona and Arcing 
Failure o f  Wave Gu 
MSBLS Ku-Band Wave 

de i n  RCS Bay 
Guide leakage 

False Fire Alarm 
Failure o f  CLW t o  Alert Crew 
Accidental Actuatim o f  Switch 
Insuff ic ient  CLW f w  BFCS Engage 
False A1 arm- from C&W 
Delay i n  Back-up C&W 
Bus Failure f o r  C h A  
Insuff ic ient  Time to  Engage BFCS 
Fail t o  Engage BFCS and Downmodes 

*(rnntinllpA\ 

. .. 
. -  

i 

i 



. .. _ .  . 

. .  

I 

1 SHUTTLE ORBITER OV-102 CDR 

S L ' B S ~ ~ !  m ~ !  1 AVIONICS 

- 

ISPLAYS & CONTROLS 
zxx-3503-13 
Y XX-0503-1 4 
YXX-0503-1s 
YXX-0503-16 
YXX-0503-17 
Y XX-0503-18 
I?.>.-@Q3-19 ...... 

Y xx-0503-20 

YXX-0503-21 
YXX-0503-22 

IY xx-3503-23 

IATA PROC. & SOFTWAl 
IYXX-0505-02 
I zxx-0505-03 
I zxx-0505-04 

EP D&C 
Iyxx-0 50 6- 0 3 
IYXX-0506-34 
1 ZXX-0506-05 

1 ZXX-0506-06 
1 ZXX-0506-07 
1 ZXX-0506-08 
1ZXX-0506-09 
1 ZXX-0506-10 
1 ZXX-0506- 1 1 
1ZXX-0506-12 
1 ZXX-0506- 13 
1ZXX-0506-14 
1ZXX-0506-35 
IZXX-0506-16 
1ZXX-0506-17 

1ZXX-0506-18 
q-vv nrnc ? Q  ILAA'UJVV-#a 

lzwRD 
GROUP 

,ant.) 
FF 
DD 
DD 
DD 
BB 
FF 
FF 

FF 

FF 
FF 

DD 

- 

FF 
FF 
cc 

FF 
FF 
FF . 

FF xx 
FF 
xx xx 
xx 
FF 
xx 
xx xx 
xx 
FF - 
FF 
.... YY 

- 

Y 

Failure i n  RHC 
Erroneous Alarm 
allure o f  Alarm 
round llnable t o  Plert Crew 
irbl ter/Payl cad Cc 1 !I si an - RHHC Fai 1 ure 
'ail ure t o  Annunci s te OME Out  
hort L i g h t  Illumination Cause Not 

l igh "g" Loading May Prevent Control 

lrroneous Abort Signal . 
IME O u t  Lite May Prematurely Indicate 

:02 Level Not Annunciated 

.. -. Easr ry o:scer&t?e 

Actuation 

Need t o  Abort 

s i n g l e  Fault i n  GFC . 
herloadi  ng of Spacecraft GPC 
la ta  Bus Coupler Ignition Source 

Yisfire of NLG Deploy Pyro 
Inadvertent Pyro Firing/Mfsfirfng . 
Inabilf t y  t o  Close Speed Brake Elect. 

Lack o f  Redundant Relays 
Inadequate Locking of Connectors 
O f f  Schedule Am/Disam of Systems 
Fatlure t o  Protect Power Supply 
Fai 1 ure t o .  Deadfa,:e Gui 11 o t i  ne C i  rcui t s  
Mating/Demating With Power 
ET Door Powering Inverter Fai 1 ure/RTLS 
Circuit Breakers Slow Acting 
Unknown Relay S ta te  i n  Start-up 
Damage Suscepti bi 1 i t y  of Wi ring Harnes! 
Failure t o  Release LH2/02 Umbilical 
Remotely Actuated Doors - Power Contro 

Brakes Fall to Actuate 
Nose Gear Steering System Loss o f  Cont. 

Control 

Loss 

(con ti nued) 

, 
! 
? 

4 1 

4 
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EPD&C (Cont . ) 
Izxx-0 50 6 - 20 

1 ZXX-0506-21 
1 ZXX-0506-22 
1 ZXX-0506-23 

SPUTERS 
KX-0507-01 
XX-0507-03 
XX- 0507-0 4 
XX- 05 07-06 

xx 
FF 
FF 
FF 

. FF 
FF 
cc 
FF 

. .  

-- 
c 

’ayload Deploy/Retrleve - Power/ 

,oss of Power t o  Rudder 
,oss o f  Power t o  Btidy Flap 
Payload Retention - Power/Controll Loss 

Control LOSS 

RCS Commands When 
Use of “Loc-Ti tell 

. .  

Power Interrupt Calises Computer Shutdown 
Manual Override Lock Out 

Stowed 
A i  t h  Magnet1 c Tape 

1 

I . .  

, 
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TABLE XVII . 

HAZARD ANALYSIS MISSION PHASE LISTING 

- SUBSYSTEM GROUP: AVIONICS 
& -- 

HAZARD NUMBER PWBLEM DESCRIPTION - 
PRELAUNCH 
T z m m o - 0 1  
1 zxx-0500-02 
1 zxx-0500-03 
1zxx-0500-04 
1 zxx-0500-05 
I ZXX-0500-06 
1 ZXX-0500-08 
1YXX-05@0-09 

1 zxx-0502-02 
!ZXX-05@3-32 
1zxx-0503-03 
1zxx-0503-07 
1 zxx-0503-09 
1zxx-0503-10 
1 Y xx-0503-02 
1 zxx-3505-03 
1 zxx-0505-94 
1 Y XX-0506-04 
1 ZXX-0506-06 
1 ZXX-0506-07 
1 ZXX-0506-08 
1 ZXX-0506-09 
IZXX-0506-10 
1ZXX-0506-11 
1 ZXX-0506-13 
1 ZXX-0506-14 
1 ZXX-0506-15 
1 Y XX-05@6-23 
1YXX-0507-04 
l fXX-0507-06 

'Ivvv nrrni - -  
I I AA'U3V 1-54 

LIFTOFF THRU ORBIT 
T ZXX-0500-01 
IZXX-0500-02 
1 ZXX-0500-03 
1 ZXX-0500-04 
1 ZXX-0500-05 
1ZXX-0500-06 

. .  Failure t o  Key Contiectors 
Use o f  Counterfeit Parts 
Use o f  Wet Tantaluri Capcftors 
Momentary Power Interrupt  . 
Transient Power Supply 

Failure o f  Relays 
Premature/False In) t i a t i on  o f  ET SEP. 

Corona and Arcing 
False Fire Alarm 
Failure o f  CLW t o  Alert 
False Alarm From C&W 
Delay i n  Back-up C&W 
Bus Failure for C&W 
Single Fault i n  GPC 
G P C  Overload 
Data Bus Coupler Ignition Source 

Lack of Redundant Relays 

Spurious ?gnition I', InUTCeS 

F- * T  ..._- nL*-ir '-IT Pkart r e ? ! ~ ~ =  t a  y ~ b m r i t  i-ud w a a k - n  

. 

Inadvertent Pyro F i  ri ng/Misfi ri ng - _  

Inadequate Locking of Connectors 
O f f  Schedule Armin;g/Disaning of Systems 
Failure t o  Protect Power Supply 
Failure t o  Deadface Guillotined Circuits 
Mating/Demating With  Power 
Circuit Breakers Slow Acting 
Unknown Relay S ta te  i n  Start-up 
Demate Susceptibil i ty t o  Wirlng Harness 
Loss o f  Power t o  Payload Retention 
RCS Comnands When Stowed 
Use o f  "Loc-Tite" l f i t h  Magnetic Tap 

Failure t o  Key Connectors 
Use o f  Counterfeit Parts 
Use o f  Wet Tantalmi Capad to r s  
Momentary Power Interrupt  
Transient Power Supply . 
Spurious Ignition Sources 

(contlnued) 
s8 . 
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TABLE XVId - 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: AVIONICS 

HAZARD NUMBER PROBLECi DESCRIPTION 

LIFTOFF THRU ORBIT (Cont.) 
1 ZXX-0500-08 
1YXX-0500-09 
1zxx-0501-02 
1 zxx-0501-07 
1 Y XX-0501-08 
1YXX-0501-09 
1YXX-0501-13 
1YXX-0501-50 
1YXX-0501-54 
1 zxx-0502-02 
1 zxx-0503-02 
1zxx-0503-0 3 
1 zxx-0503-04 
1zxx-0503-05 
1zxx-0503-07 
1 zxx-0503-09 
1 zxx-0503-10 
1 ZXX -050 3-1 1 
1ZXX-0503-12 
1zxx-0503-13 
1YXX-0503-14 
1 Y xx-0503-15 
1 Y XX-0503-18 
1YXX-0503-19 
1 Y xx-050 3-20 
1YxX-0503-21 
1 Y  xx-0503-22 
1 Y  xX-0503-23 
1 zxx-0505-03 
1 zxx-0505-04 
1 Y XX-0 506-0 3 
1 Y XX-0506-04 
1 ZXX-0506-06 
1ZXX-0506-07 
1ZXX-0506-08 
1ZXX-0506-09 
1 ZXX-0506- 10 
1 Y XX-0506- 1 2 
1ZXX-0506-13 

. .  
Fa i l u re  of Re l iys  
Premature/False I n -  t i a t i o n  o f  R Sep. 
Loss o f  IMU Platform S t a b i l i t y  
Loss o f  Rate Gyro t a b i l i  ty 
Loss o f  Guidance SJ stem Accuracy 
Redundant IMU's Coi located 
F a i l u r e  t o  I n i t i a t c  Post ET ?i tch-up 
False I n i t i a t i o n  of SSME Auto Shutdown 
F a i l u r e  t o  Obtain FCS Check 
Corona and Arc ing  
False F i r e  A l a m  
F a i l u r e  o f  C&W t o  I l e r t  
Accidental Actuation of Switch 
I n s u f f i c i e n t  C&W for  BFCS Engage 
False Alarm From C&M 
Delay i n  Back-up CtW 
Bus F a i l u r e  f o r  C&k' 
I n s u f f i c i e n t  Time t o  Engage BFCS 
F a i l s  t o  Engage BFCS and Downmodes 
F a i l  ure i n  RHC 
False Rapid Depress A l a n  
Rapid Depress A l a r r i  F a i l s  
OMS Alarm f o r  Abort  
Lack o f  Abort V e r i f i c a t i o n  "G" 
Erroneous Abort L i g h t  
OMS Engine Out Causes Abort 
No Alarm f o r  C02 Build-up 
GPC Overload 
Data Bus Coupler I g n i t i o n  Source 
M i s f i r e  o f  NLG Pyro 
Inadver ten t  Py r o  F i  r i  ng/Mi s f i ri ng 
Lack o f  Redundant Relays 
Inadequate Locking o f  Connectors 
O f f  Schedule Arming/Disarming o f  Systems 
F a i l u r e  t o  Pro tec t  Power Supply 
Fai 1 ure t o  Deadfacq Gui 1 l o t l n e d  C l  r c u l  t s  
ET Door Powering I n v e r t e r  F a l l u r e  
C i r c u i t  Breathers S l o w  Ac t i ng  

Forces i n  Abort S i  t u a t f  on 

. 

1 

i i :  
i I  
4 1  

(con tl nued) 
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TABLE WI 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: AVIONICS 

HAZARD NUMBER PROBLEK DESCRIPTION 

LIFTOFF THRU ORBIT (Cont.) 
1ZXX-0506-15 
1YXX-0506-16 
IYXX-0506-17 
1ZXX-0506-21 
1 ZXX-0596-22 
IYXX-0506-23 
1zxx-0507-01 
1 zxx-0507-03 
?yXX-Q5Q?-fJ4 
I ZXX-0507-06 

ON-ORBIT 
7ZXX-050d-01 
1 zxx-0500-02 
1 zxx-0500-03 
1 ZXX-0500-34 
1 zxx-0500-05 
1 ZXX-0500-06 
1 ZXX-0500-08 
1 zxx-0501-02 
1YXX-0501-04 
1 zxx-0501-07 
I Y XX-350 1 -08 
1YXX-0501-09 
1 ZXX-0502-02 
1Yxx-0502-02-01 
1YXX-0502-03 
1 zxx-0503-02 
1 zxx-0503-03 
1 zxx-0503-07 
1 zxx-0503-09 
1 zxx-0503-10 
1Y Xx-0503- 14 
1YXX-0503-15 
1 YXX-0503-16 
1YXX-0503-17 
IYXX-0503-23 
1 zxx-0505-03 
1 zxx-0505-04 
1 Y XX-0506-03 
I Y XX-0506-04 

1 ZXX-0506-07 
1 ZXX-0506-08 
1 ZXX-0506-09 

1 ZXX-0506-06 

Damage Susceptibil i ty t o  Wiring Harness 
Fai 1 ure to  Re1 ease LH2/02 Umbi 1 i cal 
Remotely Actuated loors - Power Loss 
Loss of Power t o  Rbdder 
Loss of Power t o  Bcdy Flap 
Loss of Power t o  Pzyload Retention 
Power Interrupt Cai ses Shutdown 
Manual Override Lo< kout 
RCS Commands 'vlhen Stowed 
Use of "Loc-Ti teii wl t h  Magnet1 c' Tape 

Failure of Key Conr,ectors 
Use of Counterfeit Parts 
Use of Wet Tantalum Capacitors 
Momentary Power Interrupt  
Transient Pwer Sur ply 
Spurious Ignition Sources 
Failure of Relays 
Loss of IMU P1 atform S tab i l i t y  
Fa1 se Lock-On/Unl ock of S ta r  Tracker 
Loss of Rate Gyro S tab i l i t y  
Loss of Guidance System Accuracy 
Redundant IMU's Co;located 
Corona and Arcing 
Failure o f  Waveguide i n  RCS .Bay. 
MSBLS KU-Band Waveyide Leakage 
False F i r e  Alarm 
Failure of CM t o  Alert 
False Alarm From C&U 
Delay i n  Back-up C&W . . 
Bus Failure f o r  C&W 
False Rapid Depress Alarm 
Rapid Depress Alarm Fai ls  
Ground Sta t ion  Uplink Alarm 
Payload Collision W i t h  Orbiter 
No Alarm f o r  C02 Build-up 
6PC Overload 
Data Bus Coupler Ignition Source 
Misfireof NLG Pyro 
Inadvertent Pyro Fi ring/Misflring 
Lack of Redundant Relays 
Inadequate Locking o f  Connectors 
O f f  Schedule Amini/Dlsarming of Systems 
Failure to  Protect Power Supply 

41 (continued) 
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TABLE xv i I  

HAZ4RD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: AVIONICS 
a. 

- - 
HAZARD NUMBER PROBLEH DESCRIPTION 

- 
ON ORBIT (Cont.) 
1ZXX-0506-10 
1ZXX-0506-13 
1 ZXX-0506-15 
1YXX-0506-20 
1Y XX-0506-23 
1Y xx-0507-04 
1 ZXX-0507-06 

DEORBIT THRU LANDING 
1 zxx-0500-01 
1 zxx-0500-02 
1 zxx-0500-03 
1 zxx-0500-04 
1 zxx-0500-05 
1 ZXX-0500-06 
1 WX-0501-02 
1 YXX-0501-06 
1 zxx-0501-07 
1YXX-0501-08 
1YXX-0501-09 
1 Y xx-0501-11 
1YXX-0501-12 
1Y xx-0501-13 
1 ZXX-0501-15 
1YXX-0501-54 
1 zxx-0501-57 
1 zxx-0502-02 
1 Yxx-0502-02-01 
1 zxx-0503-02 
1 zxx-0503-03 
1 zxx-0503-04 . 
1 zxx-0503-05 
1 zxx-0503-07 
1 ZXX-0503-09 
1zxx-0503-10 
1 zxx-0503-11 
1 ZXX-0503-12 

Failure t o  Deadfact: Guillotined Circuits 
Circuit Breakers S?ow Acting 
Damage Suscepti bi 1. t y  t o  Wi ring Harness 
Payload Deploy/Retrieve Control Loss 
Loss of Power t o  P,iyload Retention 
RCS Comnands When Stowed 
Use of "Loc-Ti te" \li t h  Magnetic Tape 

Failure t o  Key Connectors 
Use of Counterfeit Parts 
Use of Wet Tantalum Capacitors 
Momentary Power Interrupt  
Transient Power Supply 
Spurious Ignition Sources 
Loss of IMU Platfo-m Stabi l i ty  
Inabil i ty t o  Acces; TAEMS 
Loss of Rate Gyro S tab i l i t y  
Loss of Guidance System Accuracy 
Redundant IMU's Coll ocated 
Improper Air Data/Loss of Data 
Exceeding L i m i t  Load Factors 
Failure t o  I n i t i a t e  Post ET Pitch-Up 
Premature Pitch Dodn a t  Round Out  
Failure t o  Obtain FCS Check 
Failure t o  Disable Body Flap 
Corona and Arcing 
F a i l u r e  of Waveguide i n  RCS Bay 
False Fire Alarm 
Failure t o  C&W t o  Alert 
Accidental Actuation of Swl tch 
Insuff ic ient  C&W for BFCS Engage 
False Alarm From C&W 
Delay i n  Back-up C&W 
Bus Failure for CAW 
Insuff ic ient  Time t o  Engage BFCS 
Fails t o  Engage BKS and Downmodes 

. (continued) 
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TABLE xvir 
HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: AVIONICS 

HAZARD NUMBER PROBLEM DESCRIPTION 
- 

DEORBIT THRU LANDING (Cont.) 
IZXX-0503-13 Fa i l u re  i n  RHC 
1 Y xx-0503-14 False Rapid Depress Alarm 
1 Y  XX-0503-15 
1 Y  XX-0503-23 
1 zxx-0505-03 GPC Overload 
1 zxx-0505-04 
1 YXX-0506-03 
1 YXX-0506-04 
17 - _  ILXX-0506-05 
1 ZXX-0566-06 
1 WX- 0506-0 7 
I ZXX-O5C%-C8 
1 ZXX-0506-09 
1 ZXX-0506- 10 
1ZXX-0506-13 C i r c u i t  Breakers Slow Act ing 
1ZXX-0506-14 
1 ZXX- 0506- 1 5 
1 ZXX-0506-17 
IZXX-0506-18 Brakes F a i l  t o  Actuate 
IZXX-0506-19 
I ZXX-0506-2 1 
1ZXX-0506-22 
1Y XX-0506-23 
1 zxx-0507-01 
1zxx-0507-03 Manual Override Lockout 
1YXX-0507-04 RCS Comnands When $towed 
1 ZXX-0507-06 

I .  

Rapid Depress A l a n  F a i l s  
. No Alarm f o r  C02 BLild-up 

D a t a  Bus Coupler I s n i t i o n  Source 
M i s f i r e  o f  NLG Pyrc 
Inadvertent Pyro F i  r i n g / M i s f i r i n g  
Inab! 1 i t y  t o  Close Speedbrake 

Inadequate Locking of Connectors 
Off Schedule Arm!nS/Disarming of Systems 
Fa i l u re  t o  Pro tec t  Power Supply 
F a i l u r e  t o  Deadface Gu i l l o t i ned  C i r c u i t s  

Unknown Relay State i n  Start-up 
Damage Susxepti b i  1 i t y  t o  Wir ing Harness 
Remotely Actuated foors - Power Loss 

Nose Gear Steer ing Control  Loss 
Loss o f  Power t o  Rudder 
Loss o f  Power t o  Body Flap 
Loss o f  Power t o  Pty load Retent ion 
Power Xnterrupt Causes Shutdown 

Use of  "Loc-Ti t e "  h i  t h  Magnetic Tape 

Lack of &&n&ifit Aeiays 



ECLSS SYSTEM HAZARD SUMMARY 

This volume of t h e  Safety Analysis Report addresses t h e  OV-102 S h u t t l e  
Orb i te r ,  Ve r t i ca l  F l i g h t  Configuration, ECLSS System. Eighteen HA's have 
been i d e n t i f i e d  i n  t h e  ECLSS area. 
p a r a l l e l  w i t h  destgn d e f i n i t i o n  and many o f  these hazards were i d e n t i f i e d  
from information i n  repo r t s  such as t h e  Acc ident / Inc ident  Data Bank and the 
JSC 01134 Space F l i g h t  Hazard Catalog t h a t  was a v a i l a b l e  f r o m  previous 
programs. I n  most cases the  i n i t i a l  design incorporated t h e  safety features 
t o  e l im ina te  o r  con t ro l  these hazards, and the Safety Analysis Report l i s t i n g  
was used as a method t o  check t h a t  t h e  sa fe ty  features were incorporated 
i n  the design. Table X V I I I  i s  a summary o f  t he  number o f  hazards i n  each hazard 
category f o r  each ECLSS group. 
by ECLSS subsystem, and t h e i r  d i spos i t i on .  
breakdown o f  t he  HA's. O f  t he  eighteen hazards i d e n t i f i e d ,  seventeen of 
these are closed and one i s  open and i n  an in-work status.  There are no 
res idua l  hazards. 

The hazard analys is  was performed i n  

Table X I X  l i s t s  each o f  t h e  hazards I d e n t i f l e d ,  
Table X X  i s  a mission phase 

OPEN HAZARDS - I N  WORK 

1YXX-0603-03, "Fa i l u re  t o  Provide Adequate Cooling," This p o t e n t i a l  hazard 
discusses loss of both Freon 21 coolant  loops; excessive heat load; f a i l u r e  
of amnonia b o i l e r  system, f l a s h  evaporator o r  space rad ia to rs ;  and freezing 
i n  the  interchanger. 
ra tes and d e f i n i t i o n  o f  mission cons t ra in t s  are completed, and C e r t i f i c a t i o n  
Plan SD74-SH-0039 i s  released, t h i s  p o t e n t i  a1 hazard w i l l  be closed. 

IJhen eva lua t i on  o f  maximum heat l o a d  and heat  r e j e c t i o n  

, 

44 
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HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: ECLSS 
*-. 

HAZARD NUMBER PROBLEM DESCRIPTION 

PRELAUNCH 
IZXX-0601-01 
1 ZXX-0601-01-01 
1 ZXX-0601-02 
1 Y XX-0601-03 
1YXX-0691-03-02 
1 Y xx-0602-01 
1 Y XX-0602-02 
1 ZXX-0602-04-01 
? ZXX-GG22-34-23 
1 ZXX-0602-04-04 
1 ZXX-0602-04-05 
1 ZXX-0602-04-07 

1 YXX-0603-03 
1 Y xx-0603-05 
1Y XX-0602-Ol 

Loss o f  Compartment Air Control 
Failure t o  Remove ( X I  
Loss o f  Avionics Coo ing 
Loss of Proper Cabin A i r  
Oz/Nz Tank Explosic n 
Contaminated Water For Food 
Contamination o f  Pr tab le  Water 
System Fai ls  t o  Detect Smoke 
Fcre Suppression Fifls t o  Gpperate 
Fire Suppression Syst. Fails t o  Extinguish 
Premature Operati or of Fire Suppression 
UnsafeiIneffective Oper. of f i r e  Extinguisher 

Fai 1 ure t o  Provide Adequate Cooling 
hmonia Tank Rupture 
Loss o f  Life Support - Airlock 

. .  

? 

- System 

LIFT OFF THRU ORBIT 
1 ZXX-0601-01 
1 ZXX-0601-01-01 
1 ZXX-0601-02 
1 Y XX-0601-0 3 
1YXX-0601-03-02 
1 Y XX-0602-01 
1YXX-0602-02 
1YXX-0602-03 
1 ZXX-0602-04-01 
1 ZXX-0602-04-04 
1 ZXX-0602-04-05 
1 YXX-0603-03 
1 YXX-0603-05 
1 ZXX-0604-01 

Loss of compartment Air Control 
Failure t o  Remove CO 
Loss o f  Avionics Coo ing 
Loss of  Proper Cabtn Air 
@/Ne Tank Explosion 
Loss of F l t .  Control 
Contamination of  Pctable Water 
Failure to  Remove Lacteria and Odors 
System Fails t o  Detect Smoke 
F i r e  Suppression Spt. Fails  t o  Extingufsh 
Premature Operatior of Fire Suppression 
Failure t o  Provide Adequate Cooling - 
Amnonia Tank Rupture t 
toss of Life Support - P.irlock i 

? 

I 

* I  

ON ORBIT 
1ZXX-0601-01 ' 

1 ZXX-0601-01-01 
lZXX-0601-02 
1 YXX-0601-03 

Loss of Compartment Air Control 
Failure t o  Remove CO 
Loss of Avionics Coo lng 
Loss o f  Proper CabSn Air 

T 
. 

(con t 1 wed) 



TABLE xi? 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: ECLSS - 
a. 

HAZARD NUMBER PROBLEM DESCRIPTION 

ON ORBIT (Cont.) 
1 Y XX-3601-03-02 
1 Y XX-0602-01 
1 YXX-0602-02 
1 Y XX-O602-03 
1 ZXX-0602-04-01 
1 ZXX-0602-04-03 
1 ZXX-0602-04-04 
1 ZXX-0602-04-05 
1 Y XX-0602-04-06 

IZXX-0602-04-07 

1YXX-0603-03 . 
1YXX-0603-05 
1 Y  XX-0604-01 

DE-ORBIT THRU LANDING 
1 ZXX-0601-01 
1 ZXX-0601-01-01 
1 ZXX-0601-02 
1 Y XX-0601-03 
1 YXX-0601-03-02 
1Y XX-0602-02 
1 Y  XX-0602-03 
1 ZXX-0602-04-01 
1 ZXX-0602-04-03 
1 ZXX-0602-04-04 
1 ZXX-0602-04-05 
1 ZXX-0602-04-06 

1 ZXX-0602-04-07 
1YXX-0603-03 
1 YXX-0603-05 
1 Y XX-0603-06-01 
1 Y  W-0604-01 

Q/H2 Tank Explosion . .  
Contaminated Water f o r  Food 
Contamination o f  Potable Water 
F a i l u r e  t o  Remove Bacter ia  and Odors 
System Fals t o  Detect Smoke 
F i r e  Suppression F a i l s  t o  Operate 
F i r e  Suppression System F a i l s  t o  Ext inguish 
Premature Operation o f  F i r e  Suppression 
Non-Restraint o f  Operator During Use o f  Por tab le 

Unsa f e / I  ne f f e c t i  ve Operat i  on o f  F i  r e  E x t i  nguf sher  

Fa i l u re  t o  Provide Adequate Cooling 
Ammonia Tank Rupture 
Loss o f  L i f e  Support - M r l o c k  

. 

F i r e  Ext inguisher  i n  Zero "G" 

Sys tern 

Loss o f  Compartment A i r  Control  
F a i l u r e  t o  Remove Co;! 
Loss o f  Avionics Cooling 
Loss o f  Pro e r  Cabin A i r  
Q / N ~  Tank Explosion 
Contamination o f  Prltable Water 
Fa i l u re  t o  Remove Bacter ia  and Odors 
System F a i l s  t o  Detect Smoke 
F i r e  Suppression F a i l s  t o  Operate 
F i r e  Suppression Syst. F a i l s  t o  Ex t ingu ish  
Premature Operation o f  F i r e  Suppression 
Non-Restraint of Operator Dur ing Use o f  Por tab le 

Unsafe/ Ineffect ive Oper. o f  F i r e  Ext inguisher  System 
Fai 1 ure t o  Provide Adequate Cool i ng 
h o n f a  Tank Rupture 
Amnonf a I n h a l a t i o n  
Loss o f  L i f e  Support - A i r l o c k  - 

F i r e  Ext inguisher  i n  Zero "G" 

._ 

I -. 
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1 

CREW STATION AND EQUIPMENT SYSTEM HAZARD SUMMARY 

This volume of the Safety Analysis Report addresses the OV-102 Shut t le  Orbiter, 
Ve r t i ca l  F l i g h t  Configuration, C r e w  Stat ion and Equipment (CS&E) System. 
Twenty HA's have been i d e n t i f i e d  i n  the CSLE area. The hazard analysis was 
performed i n  p a r a l l e l  w i t h  design d e f i n i t i o n  and many of these hazards were 
i d e n t i f i e d  from in format ion i n  reports such as the Accident/Incident Data 
Bank and the  JSC 00134 Space F l i gh t  Hazard Catalog tha t  was ava i lab le  from 
previous programs. I n  most cases the i n i t i a l  design incorporated the safety  
features t o  e l im ina te  o r  con t ro l  these hazards, and the Safety Analysis Report 
l i s t i n g  was used as a method t o  check t h a t  the safety  features were incorpo- 
ra ted  i n  the design. Table X X I  i s  a sumnary o f  the number of hazards i n  each 
hazard category f o r  each CS&E group. TableXMI l i s t s  each o f  the hazards 
i d e n t i f i e d ,  by CS&E subsystem, and t h e i r  d ispos i t ion.  Table X X I I X  i s  a mission 
phase breakdown o f  the HA's. O f  the twenty hazards i den t i f i ed ,  t h i r t een  o f  
these are c losed and seven are open, f i v e  of which are i n  an in-work s tatus 
and two are res idual  hazards. 

RES I DUAL HAZARDS 
_ _  __ - __. - - - -  _. _. . - -  - 

7 v v v  
I : ~ ~ - 0 7 1 2 - 1 A  " Insecur i ty  of Stsvage Container Haunting." This hazard has been 
c l a s s i f i e d  as a res idual  hazard due to the lack of visua; tapabi5;ty tc verify 
t h a t  a l l  containers are proper ly  secured t o  t h e i r  mountings. P r i o r  t o  a mission, 
stowage ronta-;iiers w i l l  be f n s t s l l e d  and whi l2  on-orbit they may be temporar i ly  
removed and then r e i n s t a l l e d  p r i o r  t o  reentry.  The i n s t a l l a t i o n  o f  containers 
involves securement o f  the container t o  i t s  mount by use o f  b l i n d  fasteners. 
Therefore, a f i n a l  v isual  check cannot be made to  insure t h a t  a l l  fasteners have 
been engaged and proper ly  tightened. 

' 1VXX-0721-2A "Ejected Panel S t r i kes  Ground Personnel and/or Property." This 
hazard has been c l a s s i f i e d  as a residual  hazard due t o  the unpred ic tab i l i t y  o f  
e jec t i on  occurrence. However, t h i s  hazard can be minimized by pre-planning 
inc lud ing  f l i g h t  path programming t o  avoid populated areas and ground rescue 
procedural cautions w i t h  respect to ejected panel contacts. 

t 

OPEN HAZARDS - I N  WORK 

1 YXX-0710-03 "Emergency Egress Device Failure." This hazard was o r i g i n a l l y  
i d e n t i f i e d  as an OV-101 and subs concern (H/A 1ZXX-0710-1C). Due to OV-102 and 
subs design differences i ns ide  hatch egress provisions - increased number o f  
Sky Genies required f o r  f l i g h t  deck egress, and ho t  TPS contact  w i th  Sky Genie 
descent l i n e s  - t h i s  concern has been r e i d e n t i f i e d  by t h i s  new HA e f f e c t i v e  
OV-102 and subs, and i s  s t i l l  i n  work. 

This  hazard has been reopened (1-19-76) f o r  the purpose o f  i d e n t i f y i n g  an 
add i t iona l  hazard cause r e l a t i n g  t o  po ten t ia l  damage o f  energy t rans fer  system 
(ETS) l ines .  ETS l i n e s  are suscept ib le t o  damage from bending and impact as a 
r e s u l t  o f  exposure t o  k ick ing,  snagging o r  handhold usage. This damage Is not 
v i s u a l l y  de tec t ib le  and can render the crew escape system Inoperative. It i s  
therefore important t h a t  these l i n e s  be shielded o r  guarded from abuse. Closeout 
panels have been provided f o r  OV101 and desi n I s  I n  progress t o  s a t i s f y  th is  
requi red pro tec t ion  f o r  OV102 (Ref. MCR 2497 3 . 

-- 
1 1 ZXX-0716-1B "Damage t o  ETS Lines Because of Inadeauate Protection. a --- 
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1YXX-0717-06 "POS Inaccessibility." This is a new HA that  i s  concerned w i t h  
providing on station usage capability d u r i n g  a l l  c r i t i ca l  mission phases. 
Design i s  investigating possible mounting locations tha t  will permit immediate 
in-place usage dur ing  an emergency. 

1VXX-0721-13 "Flying Objects Caused by Decompression Effect from Panel Jett ison 
During High Altitude Ejections." This hazard relates t o  possible direct  Injury 
t o  crewmen or  interference w i t h  the safe functioninq o f  the ejection sea t  system. 
Action to resolve this problem is currently i n  progress under-authorization-by 
MCR 3164. 

1VXX-0721-14 "Ejection Seat Aneroid Damage from Crew Compartment Pressure 
Tests (MCR 1983)." The aneroids, which control main chute deployment, are  no t  
presently qualified for exposure t o  overpressures. Overpressure damage to the 
aneroids could resul t  i n  malfunction of main chute deployment, Testing is i n  
progress to insure tha t  the aneroids will not be adversely affected by anticipated 
crew compartment pressure testing. 
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TABLE XXII 

HAZARD ANALYSIS mtw . 
c d 

MODEL I 
s U B s k ' ~ 1  G3DUP I CREW STATION b EQUIPMENT 

SHUTTLE OR6ITER OV-102 CDR 1 
1 

MOBILITY AIDS & DEVIC 
1 ZXX-CI708-1 C 

EMERGENCY EGRESS DEVI  
1 YXX-3710-03 

STOWAGE 
1YXX-0712-1A 

E UIPMENT MOUNTING 

E K  RGENCY EQUIP . 
1 Y XX-0 71 7 4 6  

ESCAPE SYSTEM 
1vxx-0721-1c 
1 VXX-3721-2A 
1VXX-0721-3B 
1 YXX-0721-4B 
1VXX-0721-5A 
1VXX-0721-6B 
1 VX X-0 72 1 - 7A 
1VXX-0721-8A 
1vxx-0721-9c 
1VXX-0721-1 OA 
1VXX-0721-11 
1YXX-3721-12c 
1vxx-0721-13 
1 vxx-0721-14 

ESCAPE SYSTEM SAFING 
1 YXX-0722-1A 

-AA 

S 
"B B 

BB 

BB 

DD 

AA 
AA 
PA 
AA 
BB 
BB 
BB 
AA 
AA 
PB 
AA 
AA 
BB 
AA 

AA 

_- . .  

Fa i l u re  o f  Device 

Fa i l u re  o f  Device 

Fa i l u re  o f  Mountings 

Fa i l u re  o f  Mount, A t t , 'E tc .  

Pos. Inaccessi b i l  i ty 

E jec t i on  Panel Fai 1 ure 
E jec t .  Panel S t r i kes  Personnel 
E jec t i on  Seat Fa i l u re  . 
Premature E jec t i on  
E jec t i on  Seats Co l l i de  
E jec t i on  Seat Ra i l  F a i l u r e  
R a i l  Fa i l .  During Crash Landing 
E jec t fon  Panel Control A c c e s s i b i l i t y  
I n a b i l i t y  o f  60 See. Emerg. Egress 
Seat-To-Ejec. Panel C o l l i s i o n  
Premature Chute Deployment 
Back Wedge Retract  F a i l u r e  
f l y i n g  Objects During Eject. 
Main Chute Deployment Fai 1 u re  

Accidental Seat E jec t i on  

4 .  
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0 ~ - -  - -  TABLE m 1 1  
- -- - 

HAZ4RD ANALYSIS MISSION PHASE LISTING 

-SUBSYSTEM GROUP: CRRl STATION 81 EQUIPMENT - 
* - - -  - -  -_ 

. HAZARD NUMBER PROBLEM DESCRIPTION 

PRELAUNCH 
1ZXX-0708-1 c 
1ZXX-0716-1B 
1YXX-0717-06 
1 vxx-0721-9 c 
1VXX-0721-14 
1 VXX-0722- 1A 
m w -  n L I r  I uFF THRU ORBIT 
1YXX-0712-1A 
1 ZXX-0716- 1 B 
iYXX-07i 7-05 
lVXX-C)721-1 c 
lVXX-0721-2A 
1VXX-0721 -BB 
1VXX-0721-5A 
!VXX-072! -68 
1VXX-0721 - l O A  
1vxx-0721-11 
1 Y xx-072 1 - 12c 

.1VXX-0721-13 
1vxx-0721-14 

ON ORBIT 
m 8 - 1  C 
IYXX-0712-1A 
IZXX-0716-1B 
I Y  XX-0717-06 . 

1 Y XX-0721-48 

DE-ORBIT THRU LANDING - 
I YXX-0710-03 
1YXX-0712-1A 
1 ZXX-07 1 6 - 1 B 
1 Y XX-0717-06 
1 vxx-0721-1 c 
1VXX-0721-2A 

. .  
F a i l u r e  o f  Device 
Fa i l u re  o f  Mount, A t t ,  Ett. 
Pos Inaccessi b i  li ty 
I n a b i l i t y  o f  60 Sec. Emerg. Egress 
Main Chute Deployment F a i l u r e  
Accidentai Seat E jec t i on  

- 3 1  tal  lure 04 t-ifitiiitt figs 
Fa i lu re  of  Mount, A t t ,  Etc. 
Pes !!?accessibi 1 i t y  1 

Ejec t i on  Panel F a i l u r e  
Eject .  Panel S t r i kes  Personnel 
E jec t ion  Seat Fa i l u re  
E jec t i on  Seat C o l l i s i o n  
Eject .  S e a t  Ra i l  F a i l u r e  
Seat/Eject i  on Panel Col1 i son 
Premature Chute Deployment 
Rack Wedge Retract  F a i l u r e  
F l y i n g  Objects During E jec t i on  
Main Chute Deployment Fai 1 ure 

Fai 1 ure  of Device 
F a i l u r e  o f  Mountings 
Fa i l u re  o f  Mount, A t t ,  Etc. 
Pos. I n a c c e s s i b i l i t y  
Premature E jec t i on  

Fa i l u re  o f  Device 
Fa i l u re  o f  Mountings 
Fa i l u re  o f  Mount, A t t ,  Etc. 
Pos. Inaccessi b l  1 i ty 
E jec t ion  Panel Fail ure 
Eject .  Panel S t r i kes  Personnel 

(continued) 
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TABLE XII 8 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: CREW STATION 8 EQUIPMENT 

* 
- 

HAZARD NUMBER PROBLEM DESCRIPTION 

DE-ORBIT THRU LANDING-(Cont .) 
1VXX-0721-3B 
1VXX-0721-5A 
1VXX-0721-68 
1 VXX-072 1 - 7A 
1 VXX-0721-8A 
1 vxx-0721-9c 
1VXX-0721-10A 
1 vxx-0721- 1 1 
1YXX-0721-12c 
1vxx-0721-13 
1vxx-0721-14 

.. 

. . . - - .  - 

E jec t ion  Seat Fa i l u re  .. 
E j e c t i  on Seat Col1 i son 
E jec t i on  Seat Ra i l  Fa i l u re  
Rai 1 Fa i l .  During Crash Landing 
Eject .  Panel Control A c c e s s i b i l i t y  
I n a b i l i t y  o f  60 Sec: Emerg. Egress 
Seat/Eject. Panel Col l i  s i  on 
Premature Chute Deployment 
Back 'Wedge Retract  Fa i l u re  
F l y ing  Objects During Eject. 
Main Chute Deployment Fa i lu re  

*I 
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